PURPOSE Six key elements of opioid medication management redesign in primary care have been previously identified. Here, we examine the effect of implementing these Six Building Blocks on opioid-prescribing practices.
INTRODUCTION
U se of opioid medication long term for chronic pain has contributed to an epidemic of opioid overdose and addiction. 1 Although rates of opioid prescribing have moderated in recent years, the amount of opioids prescribed in 2015 remained approximately 3 times that in 1999. 2 In addition, there was a 59% increase in the use of long-term opioid therapy (LtOT), defined as use of opioids daily for chronic pain within a 3-month period, from 2006 to 2015. Overdose deaths involving prescription opioids were 5 times greater in 2016 than in 1999. 3 Four of 5 heroin users began their addiction on prescription opioids, 4 and the total number of opioid overdose deaths annually has continued to increase each year through 2017. These trends are concerning, considering a growing body of evidence that LtOT is not effective for chronic pain. 5 In response, clinical guidelines supporting more judicious use of opioids for chronic pain have been developed and disseminated. 6 These guidelines are especially relevant to primary care, which prescribes the majority of opioids for chronic pain. 7 Implementing recommendations embedded in clinical guidelines requires more than clinician awareness and education. 8, 9 Patient-centered care for chronic pain requires a team-based approach supported by changes to clinic systems and workflows within teams to ensure that care is safe and effective. [9] [10] [11] The opioid epidemic has had its most devastating effects in rural, disadvantaged populations. 12 Although there have been efforts within larger integrated delivery systems to decrease opioid prescribing, 13, 14 it is unclear whether similar approaches can be used in smaller clinics serving disadvantaged populations because such clinics typically have fewer resources for quality improvement initiatives. In a prior study, we identified 6 common elements, the Six Building Blocks, for team-based redesign of opioid medication management within smaller primary care practice settings as follows: (1) provide leadership support, (2) revise and align clinic policies, use of patient agreements, and defined workflows, (3) track the patient population, (4) implement planned, patient-centered visits, (5) identify resources for complex patients, and (6) measure success. 15 Here we report the results of a study implementing the Six Building Blocks at rural primary care clinics on (1) the proportion of patients on high-dose opioids and (2) the number of patients who continue to receive LtOT prescriptions across all clinics.
METHODS

Study Setting and Subjects
This study was reviewed and approved by the Institutional Review Board of the University of Washington. We conducted this study at the clinics of 6 ruralserving health care organizations. These 6 organizations provided care at 20 clinic locations across eastern Washington and central Idaho. Each clinic location had from 2.6 to 7.4 full-time equivalent clinicians. The organizations were members of the Washington, Wyoming, Alaska, Montana, and Idaho (WWAMI) region Practice Research Network, a primary care-practicebased research network in the 5-state WWAMI region. Five of the organizations, along with their associated ambulatory care clinics, were designated as critical access hospitals. Subjects were LtOT patients seen at the 20 clinics within these 6 rural-serving organizations that implemented the Six Building Blocks.
We used a quasi-experimental study design by identifying a comparison group of LtOT patients to serve as temporal control subjects for the patients who were exposed to the Six Building Blocks intervention at study sites. All LtOT patients in the comparison group were members of a large regional health plan and resided in the same primary care service areas as the clinics where the Six Building Blocks were implemented. 16 The study sites did not accept patients on this health plan, so none of the patients in the comparison group were exposed to the intervention. Information about the clinics where these patients received care was not available. This design uses this nonequivalent control group to control for secular trends in changes in opioid prescribing that are not attributable to the intervention. During the study kick-off meeting, all members of the organization's clinics, including clinicians, nurses, medical assistants, and front desk staff, met with 3 members of the study team (M.L.P., L-M.B., B.I.). They were introduced to the Six Building Blocks, participated in a self-assessment activity regarding current opioid medication management clinic systems, and discussed their current approach to managing opioid medications for their patients with chronic pain and where they saw room for improvement. Each organization designated an opioid improvement team consisting of a clinic champion (a full-time clinician for each organization), a project manager (either a quality improvement professional or clinic manager), a data manager (generally a medical assistant), and others as desired by the clinic. One practice facilitator from the study team held quarterly individual check-in calls with each opioid improvement team leader to assist with their plans to implement elements of the Six Building Blocks. Opioid improvement team members also participated in monthly shared learning telephone calls with the other study sites, led by the practice facilitator. Clinicians at each clinic were invited to participate in optional twice-monthly TelePain webinars with a physician pain specialist at the University of Washington, which included didactic lectures and case presentations. Clinics and their opioid improvement teams had access to a study website with shared resources such as model clinic policies and patient agreements. Study organizations were also offered an online registry to track their patients on LtOT, but it did not officially launch until September 2016. Four sites used this support, but only 1 site used it consistently during the study. In addition, sites received reimbursement to cover the salary of a 0.1 full-time equivalent medical assistant to develop and enter data into their system to track LtOT patients.
Data Collection
For each study site, we requested a medication data extract from the electronic health records for all opioid prescriptions for patients aged 21 years or older start-ing 12 months before the study until May 31, 2017, approximately 15 months after the last study kickoff meeting in February 2016. Prescription data included date, drug name, dosage form (eg, solution, tablet), dosage strength, dosage regimen (eg, how many at a time, how frequently), quantity prescribed, whether it was to be taken as needed, and number of refills, as available at each organization. Patients with a diagnosis of cancer were excluded from the analysis. An LtOT patient was defined as either (1) any patient with 2 opioid prescriptions at least 28 days apart in the past 90 days or (2) any patient with 1 non-Schedule II opioid prescription with at least 1 refill in the past 90 days.
We used an open cohort to identify LtOT patients at each clinic by applying this LtOT definition to all patients each month across the entire observation period, which allowed patients to enter and leave the cohort. In addition to prescription data, a clinic manager at each of the enrolled organizations completed a baseline survey describing characteristics of their clinics and their total patient population.
For the comparison control group, prescription fill data were pulled from the health plan's pharmacy claims data over the same time period as the study intervention. The LtOT criteria described above were applied to the pharmacy claims data to identify this comparison group. All health plan patients who met LtOT criteria and resided in the same primary care service area as one of the intervention sites comprised this comparison group. In addition, age and sex data were obtained to compare this control group to patients exposed to the intervention.
The primary outcome was the monthly proportion of patients who were prescribed a ≥100 morphine equivalent dose (MED) of opioids daily. This cut-off dose was selected because at the start of this study, the Centers for Disease Control and Prevention Guideline for Prescribing Opioids for Chronic Pain, with its lower threshold dose of ≥90 MED, had not yet been released, and participating study sites accepted this threshold as their definition of a high-risk patient. The secondary outcome was the number of patients who were prescribed an opioid for chronic pain.
Analysis
We used a quasi-experimental interrupted time series design to compare LtOT patients at intervention sites with the comparison group. 17 Interrupted time series analyses are a robust and effective approach to compare secular trends in 2 populations when randomization is not possible. They are broadly used and accepted in public health and health policy analyses and are considered the strongest approach for evaluating the effects of quality improvement programs. 18, 19 We used segmented regression 18, 19 to conduct 3 analyses as follows: (1) within-study-sample changes in the percentage of study patients with a ≥100 MED; (2) a difference-indifference analysis of the change in percentage of study patients with a ≥100 MED compared with the control patients; and (3) the total number of study patients on LtOT. We estimated the change in intercept and the change in slope for the 8 months before the intervention and for the 15 months after the start of the intervention. These time periods were selected on the basis of data availability at each site. We used SAS version 9.4 (SAS Institute) for all analyses.
RESULTS
Characteristics of LtOT patients in the intervention group and control group are shown in Table 1 . At the time of the clinic kick-off meetings, a total of 2,065 patients met the LtOT criteria in the intervention group, and 1,797 patients met the LtOT criteria in the control group. There were significant differences in age and insurance status between the 2 groups. A greater proportion of patients in the intervention group had Medicare or Medicaid health insurance, and fewer were covered by private/commercial insurance compared with the control group. At the start of the study, 11.8% of patients in the intervention group had a ≥100 MED, compared with 14% of patients in the control group. a Insurance status reflects that of all patients seen at the study sites, not just those on long-term opioid therapy. Percentages were provided by clinic managers without patient numbers. Insurance status of the control group reflects that of all patients enrolled in the health plan at the time of the study (N = 414,196). Table 2 shows the results of the interrupted time series regression of the proportion of patients on highdose opioids. In the intervention group, the proportion on high-dose opioids (≥100 MED) decreased from 11.8% at the start of the intervention to 9.6% at 15 months. This reflects an average decrease of 0.15% per month across all study sites during the intervention. The P value for the coefficient for the change in slope within study sites (P = .06) indicates that the proportion of patients on high-dose opioids decreased faster during the study intervention period compared with the preintervention period. Over the same time, the proportion of patients in the control group who were on high-dose opioids decreased from 14.0% to 12.7%, an average decrease of 0.09% per month. The rate of decrease in the proportion of patients on high-dose opioids was significantly greater in the study group compared with the control group (P = .018).
Comparing the rate of decrease between the study group and the control group, this translates to approximately 4 patients on high-dose opioids decreasing their daily dose to a <100 MED per month in the intervention group compared to 2.4 patients on high-dose opioids per month in the control group. Table 3 and Figure 1 show the results of the interrupted time series regression for the total number of patients meeting the LtOT definition. For the intervention group, this number decreased from 2,065 to 1,776 at the end of the 15 months of support, a 14.0% decrease. The coefficient for the change in slope (-75.8) in Table 3 indicates that the rate of decrease in the total number of patients receiving an opioid prescription was greater during the intervention period compared with the preintervention period (P <.001).
The number of LtOT patients in the control group was 1,797 at the beginning of the intervention period and 1,712 at the end of the 15 months, a decrease of 4.7% (Figure 1) . The difference-in-difference model comparing the intervention group to the control group for the trend in number of patients on LtOT violated the parallel trends assumption 20 in the preintervention period; therefore, it is not presented.
We also examined the trend in MED categories across study sites over time ( Figure 2) . As the proportion of patients on high-dose opioids (≥100 MED) decreased over the study period, the proportion of patients in the 50-99 MED category remained relatively stable, whereas the proportion in the <50 MED category increased from approximately 75% to 78%.
DISCUSSION
Clinic system redesign guided by the Six Building Blocks resulted in significant decreases in both the proportion of patients on high-dose opioids and the total number of patients receiving opioids in these rural health clinics. Although the within-study group interrupted time series analysis of the proportion on high-dose opioids did not reach statistical significance (P = 0.06), the decrease was greater than that seen in the comparison group of control patients from the same primary care service areas, suggesting that implementation of the Six Building Blocks accelerated an existing trend to prescribe opioids at lower doses. This finding is also supported by the decrease in the total number of patients receiving LtOT across the study sites and the shift in prescribed dose of opioids across the 3 categories of dose shown in Figure 2 .
Although these decreases are modest, they reflect the initial phases of implementing new clinic systems for opioid medication management in the study settings. For example, we observed that revision and approval of new clinic policies across the sites required an average of 6 of the 15 months of support. In addition, differences in the sociodemographic characteristics of the intervention group versus the control group, especially the proportion of patients on public insurance, should have biased the results toward a lower effect size; therefore, detecting a significant difference between the intervention and control groups is notable.
It is worth noting that none of the Six Building Blocks directly addresses tapering of opioids; therefore, the results are noteworthy in demonstrating that the systems-based changes instituted at the clinics had an indirect influence on clinicians' opioid-prescribing behaviors. How did implementation of the Six Build- ing Blocks influence prescribing behaviors? It is possible that clinicians for both groups of patients, intervention and control, were aware of new opioidprescribing guidelines; thus the decreases seen in both intervention-site patients and the comparison control group. Enhanced awareness of the details of these guidelines and the evidence behind them, however, along with implementing new clinic systems to support guideline-recommended changes in care, may have led to more conversations with LtOT patients at the study sites compared with those in the comparison group about tapering their dose. Several clinicians at the study sites mentioned to study team members that some patients self-tapered their opioid dose in response to conversations about risks and harms. 22 In addition, monitoring and reporting on prescribing behaviors by individual clinicians within these organizations created opportunities for discussions and peer comparisons that may have influenced subsequent prescribing behaviors. In a systematic review of dose reduction or discontinuation of LtOT, a common theme in studies with positive outcomes was team-based, multidisciplinary support of clinicians and staff. 23 Earlier studies of efforts to change opioidprescribing patterns were conducted in large integrated delivery systems. 13, 14 An evaluation of the Group Health opioid initiative revealed a decrease in the prescribing of high-dose opioids (≥120 MED) from 16.8% to 6.3% over a period of 8 years. 13 This compares to the decrease in the present study from 11.8% to 9.6% over a much shorter period of 15 months using a lower threshold of ≥100 MED to define high dose. In a more recent trial of academic detailing, which used a registry and decision-support tools across 4 safety-net clinics, LtOT patients at intervention clinics were more likely to have a ≥10% decrease in MED. 22 In a similar trial of academic detailing, which used audit and feedback as well as external facilitation, the average MED was decreased significantly at 12 months for intervention clinic patients compared with the comparison control group. 24 These studies used blended implementation strategies similar to the ones used in the present study, suggesting that this approach can be effective in improving opioid-prescribing behaviors.
Of concern is the lack of data regarding the disposition of the 289 patients who were no longer receiving refills for their LtOT across the intervention study sites. These patients may have left the clinic to obtain refills elsewhere, replaced opioids with alternative treatments for their chronic pain, or of even greater concern, replaced prescription opioids with illicit drugs. This is important given that 4 of 5 heroin users start with prescription opioid misuse. 4 It is critically important that future research track the disposition of patients who reduce or are no longer receiving opioid refills and measure patient-reported outcomes such as function and quality of life.
Further work is needed to study our approach at more diverse primary care sites to assess the effectiveness outside the 6 rural-serving health organizations we studied. We need to find ways to support rural clinics in redesigning care for their patients on LtOT and to tailor that support to their specific context. One possible approach is a partnered train-the-trainer model, similar to that tested at the Department of Veterans Affairs, in which an external expert trains and then provides support for an internal facilitator, such as a quality improvement lead, within each rural clinic organization. 25 It is also of critical importance to follow the effect of our program on patient disposition and patient-reported outcomes. Key questions are the clinical significance of the changes made and the disposition of patients who reduce or are no longer receiving opioid refills. Nonetheless, our data demonstrate that efforts to redesign care by primary care teams, guided by the Six Building Blocks framework, can improve opioid-prescribing practices to be more consistent with current guidelines. 
